Objective: To evaluate the frequency of thyroid cancer and thyroid dysfunction in first-degree relatives of thyroid cancer patients, and to determine if there is a difference between familial and sporadic thyroid cancer. Subjects and methods: Fifteen first-degree relatives of seven families with at least two family members with thyroid cancer (TC) were compared with 128 first-degree relatives of 45 families with only one family member affected. Laboratory and ultrasound evaluation, fine-needle aspiration biopsy and thyroid surgery were used as normally done in clinical practice. Results: Thyroid dysfunction was similar between the two groups. The frequency of TC and autoimmunity in the group that had two relatives with known thyroid cancer was higher, compared with the families that had sporadic thyroid cancer among their family members (40% vs. 2%, p = 0.0001). Conclusion: Frequency of TC increases when more than one member of the family is affected. These findings suggest that these relatives should be screened more frequently than individuals in families in which only one case of TC is observed.
Frequency of thyroid carcinoma and thyroid autoimmunity in firstdegree relatives of patients with papillary thyroid carcinoma − A single center experience
Frequência de carcinoma de tireoide e autoimunidade tireoidiana em parentes de primeiro grau de portadores de carcinoma de tireoide -Experiência de um único centro

INTRODUCTION
T hyroid cancer accounts for only 1% of all malignant tumors, but it is still the most common endocrine malignancy, with a current estimated incidence of 33,500 new cases per year in the United States (1) . Though most cases of follicular-derived neoplasms are sporadic, familial forms have been reported, comprising approximately 5% of cases (2) . Familial nonmedullary thyroid cancer (FNMTC) is defined by the diagnosis of two or more first-degree relatives with follicular thyroid cancer, without another familial syndrome (3, 4) . Currently, it is estimated that from 3.5% to 6.2% of the cases of nonmedullary thyroid carcinomas are family cancers (5) (6) (7) (8) (9) (10) . Most of them are papillary thyroid carcinomas, which are observed in more than 90% of the cases (11) (12) (13) .
Genetic inheritance of FNMTC remains unknown, but it is believed to be an autosomal dominant condition with incomplete penetrance and variable expressivity. Genetic analyses of large FNMTC kindreds is the first step in the identification of putative susceptibility genes (14, 15) . However, there is no genetic test that correlates with phenotype that could be used for therapeutic and follow-up decisions. In this scenario, it is important that practitioners are aware of the incidence of thyroid cancer cases, and of how to follow up relatives of these patients.
There are still some controversial issues regarding clinical presentation and overall disease-free survival in FNMTC. Several studies found patients with FNMTC to have increased risk of multifocal disease, local invasion, and lymph node metastases, leading to higher recurrence rates, and decreased disease-free survival (12, 13) . However, other studies did not find FNMTC to be more aggressive than the sporadic disease (16, 17) .
The use of cervical ultrasound examination for screening asymptomatic patients is increasing. Ultrasound enables earlier detection of occult nonpalpable thyroid cancers in asymptomatic relatives of patients with FNMTC (9). Uchino and cols. (9) reported a prevalence of 52% (77/149) in thyroid nodules detected by neck ultrasound screening performed on asymptomatic relatives of patients with FNMTC. Given the prevalence of thyroid cancer, clustering of sporadic thyroid cancer in one family may not be rare. It has been estimated that 62%-69% of families with two affected relatives are sporadic occurrences, whereas the chance of a sporadic case in families that have three or more affected members is less than 6% (17) . Additionally, nonmalignant thyroid disease is frequently seen in patients with FNMTC (36%-57%), including follicular adenomas, Hashimoto's thyroiditis, multinodular goiter, hyperthyroidism, and hypothyroidism (5, 8) .
The aim of this study was to determine the frequency of thyroid cancer, adenomas and thyroid dysfunction in first-degree relatives of FNMTC patients and in sporadic thyroid cancer cases in a tertiary-care center.
SUBJECTS AND METHODS
From all the patients seen at the Endocrine Service for thyroid cancer, there were seven families with at least two members affected by thyroid cancer. First-degree relatives from those 15 patients with papillary thyroid cancer (PTC) were invited to participate in this study (Group 1). They were the third member of these families to be screened. As a comparison group, first--degree relatives of 45 families with only one member affected by PTC were evaluated (Group 2). All the patients were followed up as outpatients in the Endocrinology Service of Hospital Universitario Clementino Fraga Filho, Universidade Federal do Rio de Janeiro (HUCFF-UFRJ). The average number of family members in each group was 2.75. However, the average living first-degree relatives who could potentially be part of the study was 4.59. The main reasons for not participating in the study were the distance between their homes and the HUCFF (many lived in other cities or States), and incompatibility between scheduled appointments and exams with the work routine of the subject.
The inclusion criteria were age between 15 and 80 years, and at least one family carrier of papillary thyroid carcinoma. All first-degree relatives were invited to participate in the study.
The exclusion criteria were presence of family syndromes associated with nonmedullary thyroid carcinoma (familial adenomatous polyposis, Cowden's disease, Werner's syndrome, Carney's complex type 1 etc.).
This study was approved by the Ethics Committee of the hospital.
Laboratory evaluation
Blood samples for laboratory analysis were collected to assess thyroid dysfunction by measuring TSH and free T4 (FT4), and to evaluate autoimmunity the TPO antibody (ATPO). TSH was determined by DPC (Diag- Follow-up of relatives of thyroid cancer patients by means of DPC Immulite ® 2000 chemiluminescence enzyme-linked immunosorbent assay kit. VR, 0.8-1.9 ng/dL; sensitivity, 0.15 ng/dL; intra-assay CV, 4.4%-7.5%; and inter-assay CV, 4.8%-9.0%. ATPO analysis was carried out using DPC Immulite ® 2000 kit. Negative results were equal to or less than 35 IU/mL; intra--assay CV ,4.3%-5.6%, and inter-assay CV, 7.8%-10.5%.
Thyroid ultrasound examination
In the first evaluation, subjects underwent thyroid ultrasound examination for morphological evaluation of the thyroid gland, using a SIEMENS, MCMDO1AA ultrasound machine with linear transducer DTMF 11 MHz. All ultrasound examinations were performed by the same radiologist of the Radiology Service of HUCFF.
For further evaluation, patients who showed a nodule larger than 1 cm and smaller nodules with at least three features suggestive of malignancy that had not been studied previously, or that showed changes over time, underwent fine needle aspiration biopsy (FNA). All cytological examinations were read by the same pathologist, who did not have any information on the patient's history. Suspicious features were: hypoechogenicity, microcalcifications, irregular margins, increased blood flow in Doppler evaluation, increased antero--posterior diameter in relation to transverse diameter (18, 19) , and especially regional lymphadenopathy.
Thyroid surgeries
Surgery was indicated during the study based on clinical, laboratory and cytological findings. Patients with cytological findings indicative of malignancy and indeterminate pattern were referred for surgery.
Statistical analysis
Analysis was performed using SPSS software (Version 18.0.1: SPSS Inc, Chicago, IL). Comparison of categories was based on Chi-Square and Fisher's exact test. Data of continuous variables were expressed as medians, minimum and maximum values. Mann--Whitney's non-parametric test was use to compare numeric variables between the groups. Statistical significance was set at 5%.
RESULTS
From the 143 family members who agreed to participate in the study, 15 (10.5%) had at least two relatives with papillary thyroid cancer, and 128 (89.5%) had only one. About two relatives per "index-case" were evaluated, and most patients were females, in both groups. Median FT4 and TSH, at the time of PTC diagnosis, were similar in both groups, but autoimmunity was more frequent in individuals who had two relatives with thyroid cancer (26.6 % vs. 5.4%, p = 0.016; Table 1 ).
Frequency of ultrasound abnormalities, including cysts and nodules, was similar among the relatives in the two groups. It is important to mention that four individuals from Group 1 had their ultrasound examination and guided fine needle aspiration biopsy performed outside of our Institution, and their cytology results were reviewed at the HUCFF by the same pathologist who analyzed the other cases. However, from the patients who underwent fine needle aspiration biopsy (7 in the relatives of Group 1, and 17 in the relatives of Group 2), malignant or indeterminate cytology was much more frequent (46.6% vs. 4.6%) in the group that had two relatives with known thyroid cancer. As expected, histological examination after surgery confirmed this difference between the two groups (40% vs. 2%, p = 0.0001). Interestingly, all the relatives from Group 1 patients who showed indeterminate cytology results, turned out to have thyroid cancer after surgery. This finding, however, was not observed in Group 2 (p = 0.09).
Clinical presentation of the newly diagnosed thyroid cancers was similar in both groups regarding size, histology and initial staging. Characteristics of relatives of FNMTC patients (Group 1) are shown in Table 2 . As expected, the majority of the families with two members with known thyroid cancer had at least another case diagnosed during the study (6 out of 7 families had a third member with thyroid cancer, 85.7%). Regarding thyroid function, two families had one person with subclinical hypothyroidism, and one with subclinical hyperthyroidism. Relatives were diagnosed between the forth and fifth decades and 85.7% (6 relatives) were stage I. Only one relative was stage 2 because of a 2.3 cm tumor. None of them had lymph node metastases.
DISCUSSION
In this study, the frequency of thyroid structural and functional alterations in first-degree relatives of FNMTC patients was analyzed considering either benign or malignant findings. Among the 7 families with FNMTC followed up in the Endocrine Service of the HUCFF-UFRJ, the frequency of thyroid cancer was 46.6%, as opposed to the relatives who had only one affected family member, and were followed up in the same institution. Other studies have shown that when there are two people in a family with NMTC, the risk of familial syndrome is between 31% and 53%, but when there are three or more subjects affected with NMTC, the risk of a familial syndrome exceeds 95% (20, 21) .
Based on the literature and regarding thyroid dysfunction and benign lesions, expected frequency would be 36%-57%, including follicular adenomas, Hashimoto's thyroiditis, multinodular goiter, hyperthyroidism, and hypothyroidism (5, 8) . However, the frequency of benign lesion we observed was lower than that. This might be due to the relatively small number of relatives analyzed per patient. On the other hand, Hashimoto's thyroiditis was more frequent in the group of relatives of FNMTC patients. Other authors reported that FNMTC patients showed nine times more common association with lymphocytic thyroiditis (22) .
As shown in this study, the majority of the family members evaluated did not have thyroid cancer. Because of that, it is still unclear how these individuals should be followed up. Charkes and cols., found that the probability of two cases of sporadic differentiated thyroid cancer in a 9-member first-degree family was about 40%, and that a significant majority of two-hit families were composed of sporadic cases only. They recommended that clinical and genetic investigations of FNMTC should focus on families of three or more affected members.
Even though there were a small numbers of families with FNMTC, newly-diagnosed cases did not have a more aggressive presentation, and in this study it was not possible to determine if they occurred earlier, because these new cases were from different generations. However, some studies demonstrated that patients with familial papillary thyroid carcinoma display an imbalance of the telomere-telomerase complex in peripheral blood, characterized by short telomeres, and hTERT gene amplification and expression. These features may be implicated in the inherited predisposition to develop familial papillary thyroid carcinoma, and decreased telomere length may play a role in age-related genetic instability, so that cancer appears in early ages (23, 24) .
This study has important limitations. In both groups, not all the first-degree relatives were evaluated. Thus, some cases might have been missed. Furthermore, some
